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Praha se stejné jako vétSina evropskych metropoli dlouhodobé potykd s nardstajici
intenzitou dopravy a dopravnim pretiZzenim centra mésta. ReSenim vzniklé situace je
odlehéenti vnitnich husté osidlenych ¢ésti Prahy od tranzitni a piiméstské dopravy
vybudovanim kapacitniho silni¢niho okruhu. Cely okruh je rozdélen do 11 staveb
oznacenych &isly 510 az 520, jejichZ vystavba probihd etapovité. Usek okruhu mezi
Vestcem a Lahovicemi je ozna¢ovan jako stavba 513. Smérem od Lahovic, kde nava-
zuje na stavbu 514, trasa komunikace prekracuje mostnim objektem feku Vltavu
a prudce stoupd ve dvou smeérové rozdélenych tunelovych troubdch smérem od
Komoran k Cholupicim. V priportdlovych dsecich, kde mald vyska nadlozi neumoz-
fuje razbu tunell, probihd jejich vystavba v oteviené stavebni jamé. V dsecich
s vhodnymi geotechnickymi poméry jsou tunely navrZeny razené pomoci Nové
rakouské tunelovani metody (NRTM). PodéIny sklon tunelt vyZaduje ve sméru stou-
péni pouZit v jizni tunelové troubé tifpruhovy profil s §itkou mezi obrubniky 11,75 m.
V opatném sméru je v severni tunelové troubé navrZen dvoupruhovy profil
s nouzovym pruhem $fiky 1.5 m. Celkova Sitka vozovky mezi obrubniky dosahuje
9,75 m. Sitka mezi obrubniky hraje vyznamnou roli, nebot’ ovliviiuje celkovou plo-
chu vyrubu, a tim i vy3i investiénich nakladii. Z hlediska Geské normy CSN 737507
urCuje $itka vozovky mezi obrubniky kategorii tunelu.

Pied zahdjenfm praci ziskal zhotovitel stavby vysledky geotechnického pruzkumu,
jehoZ souldsti byla i razba pruzkumné Stoly, situované ve stredu kaloty jizniho tfp-
ruhového tunelu (viz obr. 1). Stabilitu vyrubu pruzkumné Stoly soudkovitého tvaru
o plose vyrubu 25 m? zajisthje primarn{ osténi ze stitkaného betonu vyztuZené ocelo-
vymi sitémi a vyztuznymi prihradovymi ramy. Stola o svétlé vyice 5,5 m a §itky
4.5 m probihd v celé délce jizniho tunelu a umoZnuje vétrani i odvodnéni podzemni-
ho dila béhem vystavby.

V dob¢ pripravy textu ¢linku byla stavebni jéma na Cholupickém portdle délky
85 m a hloubky a7 17 m vytéZena na droveri kaloty tunelt a na portdlech vrcholily pii-
pravy pro zahdjeni ipadni razby (viz obr. 2). V jiznim tunelu bylo vyrazeno 106 m
kaloty. V komoranské stavebni jameé délky 170 m a hloubky témér 30 m probihaly
préce na zajiStovéni svahtl zdporovym paZenim a odtéZovani zeminy. V jiZnim tune-
lubylok 15. 11.2007 vyrazeno 867 m kaloty a s odstupem cca 400 m za ¢elbou kalo-
ty odtéZeno 478 m jadra v levé a 488 m v pravé &asti tunelu.

Vystavbu tunelt v méstské aglomeraci mnohdy provazi fada komplikaci. Nejinak
tomu bylo i v piipadé tunelii na stavbé 513. Nékteré nejasnosti v zaborech pozemki
nutnych pro vystavbu stavebnich jam v kombinaci s potfebou upresnit geotechnické
poméry v misté stavebni jamy Komorany a nutnosti upravit technické feseni zajisté-
ni stavebni jamy na nové zastizené geotechnické podminky vedly ke zdrZeni zahdje-
ni stavebnich praci. Zpracovatel realizaéni dokumentace po dohod¢ se zhotovitelem
stavby navrhl investorovi alternativni feSeni, které umoznilo zahdjit razbu jizniho
tunelu jesté pred vyhloubenim portélovych stavebnich jam. Navrh technického rese-
ni a zkuSenosti projektanta a zhotovitele stavby po prvnim roce vystavby popisuje
nasledujici text.

Obr. 1 Prizkumnd $tola situovand ve stiedu kaloty jizniho tunelu
Fig. 1 The exploration gallery found in the centre of the southern tunnel calotte

INTRODUCTION

Prague, analogously to the majority of large European cities, has been facing
a long — term problem of growing intensity of traffic and congestion of traffic in the
city centre. The remedy for this situation is to reduce the intensity of transit and sub-
urban transportation in densely populated regions of Prague by means of the deve-
lopment of a capacity outer city ring road. The whole ring road is divided into 11 con-
struction lots marked by numbers 510 through 520, which are built in stages. The
section of the city ring road between the municipalities of Vestec and Lahovice is
denoted as construction lot 513. In the direction from Vestec, where it links to con-
struction lot 514, the route crosses the Vltava River on a bridge and steeply ascends
through two dual-carriageway tunnel tubes from Modrany toward Cholupice. There
are cut-and-cover sections in the pre-portal sections, where the small height of the
overburden does not allow the construction of tunnels by mining methods. The New
Austrian Tunnelling Method (NATM) was designed for the sections with suitable
geotechnical conditions. The longitudinal gradient of the tunnels requires a three-
lane profile with the kerb-to-kerb width of 11.75m to be used for the ascending sout-
hern tunnel tube, while a double-lane profile with a 1.5m wide emergency lane is
required for the opposite direction, i.e. the descending northern tube. The total kerb-
to-kerb width reaches 9.75m. The kerb-to-kerb width plays a significant role becau-
se it affects the total excavated cross-sectional area, thus also the total investment
cost. Czech standard CSN 737507 stipulates that the tunnel category is determined
according to the kerb-to-kerb width.

The contractor obtained the results of a geotechnical survey before the commen-
cement of the work. Part of the survey was also the excavation of a geotechnical
exploration gallery. The position of the gallery within the southern (three-lane) tun-
nel cross section was in the centre of the top heading (see Fig. 1). The stability of the
exploration gallery excavation (a barrel-shaped cross section, the excavated cross-
sectional area of 25 m2) was provided by a primary lining consisting of shotcrete,
mesh and lattice girders. The gallery with the net height of 5.5m and net width of
4.5m runs throughout the length of the southern tunnel; it makes the ventilation and
drainage of the underground working during the construction possible.

At the time when this paper was being prepared, the excavation of the constructi-
on trench at the Cholupice portal (85 long and up to 17m deep) was completed to the
level of the calotte of the tunnels; preparation operations for the commencement of
the downhill excavation culminated at the portals (see Fig. 2). The southern tunnel
had 106m of the top heading excavation completed in the direction from Cholupice.
The slopes of the 170m long and nearly 30m deep Komorany construction trench
were supported by soldier beam and lagging walls and the excavation proceeded. As
of 15.11.2007, the length of 867m of the top heading was completed in the southern
tunnel, with the bench excavation proceeding at a distance of about 400m from the
top heading face, using the staggered sequence for the left side and right side of the
tunnel (the advance lengths of 478m and 488m respectively).

Tunnel construction in an urban concentration is often connected with many com-
plications. The case of the tunnels of construction lot 513 did not differ. Some unc-
lear details regarding the right of way necessary for the construction of construction
trenches, combined with the need for the adjustment of the information on geotech-
nical conditions in the location of the Komorany portal construction trench, and the
necessity for the modification of the design for the stabilisation of the construction
pit with respect to newly encountered geological conditions resulted in a delay in the
works commencement. The author of the design of means and methods (the detailed
design), with the contractor’s approval, submitted a design alternative, which allo-
wed the builders to start the southern tunnel excavation before the completion of the
portal construction trenches. The design of means and methods and the designer’s
and contractor’s experience after the initial year of the construction are described in
the following text.

GEOTECHNICAL CONDITIONS — ASSUMPTIONS AND REALITY

While geotechnical conditions play some role only in terms of the design for the
stabilisation of slopes of construction trenches and the foundation design in the case
of cut-and-cover sections of tunnels, the rock mass represents a building material
which contributes, together with the lining, to the overall loading capacity of the
lining-ground system in the case of tunnels driven using the NATM. The forecast of
the rock mass behaviour during the tunnel excavation and throughout the 100-year
life of the tunnel significantly influences the overall design of means and methods of



Obr. 2 Pohled na Cholupicky portdl a stavebni jamu
Fig. 2 A view of the Cholupice portal and the construction trench

GEOTECHNICKE POMERY — PROGNOZA A SKUTECNOST

Zatimeo v pifpadé hloubenych tisek tunelt hrajf geotechnické poméry roli pouze
z hlediska ndvrhu zajisténi stability svahu stavebnich jam a zpasobu zaloZeni objek-
tl, u tunelt raZenych pomoci NRTM predstavuje horninovy masiv stavebn{ materi-
al, ktery se spolu s osténim podili na celkové tnosnosti systému osténi — hornina.
Prognéza chovéni horninového masivu béhem razby tunelu i po celé stoleté obdobi
Zivotnosti tunelu vyrazné ovliviiuje celkovy ndvrh zptisobu zajisténi stability vyru-
bu, technologicky postup vystavby a s tim souvisejici vysi investi¢nich ndkladd.
Vysledky geotechnického prizkumu predstavuji jeden z hlavnich podkladi pro
nédvrh technologickych tifd vyrubu. Geotechnicky prizkum proto v predchozich
stupnich projektové dokumentace zahrnoval vrtny pruzkum, geofyzikdlni pruzkum
i geotechnickd sledovdni provadénd v pruzkumné $tole, jejiZ efektivnost byva
v souvislosti s pouzitim flexibilni NRTM casto zpochybnovéna, a to zejména
z ekonomickych davodu.

Prizkumnd geotechnickd $tola raZend v profilu kaloty jiZzniho tunelu poskytla
fadu informaci o hornindch zastiZzenych v trase tunelu i odezvé horninového masi-
vu na razbu Stoly. Souddst geotechnického pruzkumu tvoril i pokusny dsek Stoly
razeny v plném profilu kaloty budouciho tunelu. Termin provadéni prizkumné Stoly
a vyhodnoceni ziskanych vysledku Casové kolidoval s terminem dokonceni zada-
vaci dokumentace stavby. Ziskané vysledky zohlednovala zaddvaci dokumentace
pouze &dstecne, a pozadovala je proto zapracovat az do realizatni dokumentace.
Technologické tfidy vyrubu navrZzené v realizani dokumentaci proto zcela neko-
responduji s technologickymi tfidami vyrubu navrzenymi v zaddvaci dokumentaci.
Rovné7 zajistén{ zejména portdlovych svahi stavebnich jam se v realizalni doku-
mentaci od puvodniho ndvrhu ligf.

Podle prognézy stanovené v zaddvaci dokumentaci tvori horninovy masiv v trase
tunelu pevné horniny letenského souvrstvi charakteristického flySovym vyvojem.
Geotechnické parametry souvrstvi jemné slidnatych jilovitych bridlic, drob, kiemi-
tych bridlic a kiemencu degraduje provrasnénf a silné tektonické poruseni. Skalni
horniny jsou ve vétsich hloubkédch dokonale zpevnéné bez pralinové propustnosti.
Pukliny jsou vétSinou tésné sepnuté nebo vyplnéné (viz obr. 3). Pouze v mocnéjsich
polohdch drob & ordovickych kiemencl byl avizovdn pohyb podzemni vody.
Vlivem prizkumné Stoly provadéné v predstihu doglo k ¢dste¢nému odvodnéni
masivu a béhem vystavby nebyly ocekdvany vyznamné pritoky podzemni vody do
prostoru vyrubu. Hlavni systém diskontinuit tvori vrstevni plochy, které mély podle
prognézy v piipadé dovrchni razby od Komoran smérem k Cholupicim zapadat do
horninového masivu a piiznivé ovliviiovat stabilitu Celby.

Béhem razby jizniho tunelu se potvrzuje predpoklad prakticky odvodnéného
horninového masivu. Pfitoky do Celby jsou spiSe ojedinélé a omezuji se na lokdlni
slabé vyrony, které po Case mizi. Na zpuisob provadéni nebo stabilitu vyrubu nema-
ji vliv. MnoZstvi vody vytékajici z tunelu v&etné technologické vody nepresahuje
2 1/s. Sklon systému diskontinuit se viak v prubéhu razby asto ménf a grafitickd
vyplii puklin zpUsobuje lokalni nestability Celby i lice nezajisténého vyrubu. Proto
je nutné ihned po provedeni zdbéru provést geotechnické hodnoceni Celby
a navrhnout stabilizaén{ opatfeni. VétSinou se jednd o jehlovani a strojni obtrhdn{
uvolnénych &dsti lice vyrubu. Ve zvIasté nepriznivych geotechnickych podminkach
dochdz{ k ndhlému vypaddvani celych bloku horniny, které by mohly ohroZovat
bezpe&nost pracovniku (viz obr. 4). Celbu v téchto pripadech zhotovitel lokdln€ sta-
bilizuje kotvenim a stifkanym betonem. I pfes navrZzend opatieni dochdzi misty
k tvorbé geologicky podminénych nadvyrubu, které jsou za GCasti investora
i zhotovitele dokumentovény a zhotovitelem co nejrychleji sanovany. Jejich vyskyt
je spiSe ojedin€ly. Celkové vykazuje horninovy masiv vysoky stupen stability.
Meérené deformace lice vyrubu po provedeni zdbéru rychle odeznivajf
a neprekraCuji obvykle po vyraZeni plného profilu tunelu 10 mm.

HLOUBENE TUNELY KOMORANY

Stavebni jama niZe poloZeného Komoranského portélu dosahuje hloubky 29 m
a délka hloubenych tuneld presahuje 170 m (viz obr. 5). Zajisténi boku stavebni jamy

the excavation support and the tunnel construction, thus also the investment costs.
The results of geotechnical survey represent one of the principal source documents
for the specification of excavation support classes. For that reason, the geotechnical
survey which was carried out for the preceding design stages consisted of a drilling
survey, geophysical survey and geotechnical monitoring operations performed in the
exploration gallery; the effectiveness of the gallery is often cast doubt on in the con-
text of the use of the NATM, primarily for economic reasons.

The geotechnical exploration gallery, with the alignment following the top heading
of the future southern tunnel excavation, provided lots of information about the rock
types encountered along the tunnel route and about the rock mass response to the gal-
lery excavation. Part of the geotechnical survey was even a trial excavation section
which where the excavated cross section was identical with the profile of the calotte of
the future tunnel. The term for the excavation of the exploratory gallery collided with
the term required for the completion of the tender documents. The tender documents
took the results of the survey into account only partially and they required that they be
incorporated into the detailed design (design of means and methods). The excavation
support classes which were specified in the tender documents therefore not fully cor-
respond to the excavation support classes specified in the final design. Even the sup-
port of slopes of the construction trenches, most of all the support of the portal slopes,
which is contained in the final design differs from the original design.

According to the forecast contained in the tender documents, the rock mass found
along the tunnel route consists of massive rock of the Letnd Member, which is cha-
racterised by the flysch type of evolution. The geotechnical parameters of the series of
strata of finely micaceous clayey shales, greywacke, quartziferous shale and quartzite
are degraded by folding and heavy faulting. At greater depths, the rocks are perfectly
consolidated, without intrinsic permeability. Fissures are mostly locked or filled (see
Fig. 3). Movement of ground water was predicted for thicker beds of greywacke or
Ordovician quartzite. The excavation of the exploratory gallery, which was carried out
in advance of the tunnel excavation, resulted in partial draining of the rock mass, the-
refore no significant inflows of ground water to the excavated space were expected.
The main discontinuity system forms bedding planes which were, in the case of the
uphill excavation from Komorany toward Cholupice, expected according to the fore-
cast to dip into the rock mass, thus favourably affect the excavation face stability.

Today, during the course of the excavation of the southern tunnel, the assumption
that the rock mass was virtually completely drained is being confirmed. The inflows
to the heading are rather sporadic; they are restricted to local weak blowouts, which
disappear over time. They do not affect the excavation procedure and excavation sta-
bility. The discharge of water from the tunnel, including the process water, does not
exceed 2 I/s. The dip angle of the discontinuity system frequently changes and the
graphitic filling of fissures causes local instability of the excavation face and the
walls of the unsupported opening. It is therefore necessary to carry out the geotech-
nical assessment of the face and propose stabilisation measures immediately after the
completion of the excavation advance. The usual form of the measures is forepoling

Obr. 3 Geologické poméry na Celbé jizniho tunelu
Fig. 3 Geological conditions at the excavation face in the southern tunnel




Obr. 4 Nestabilita ¢elby pri nepriznivém sklonu vrstev
Fig. 4 The excavation face instability due to the unfavourable dipping of rock layers

je provadeno z prirozené svahovaného predvykopu, z jehoz dna jsou provadény pilo-
ty a zdpory stabilizujici spodni partie stén jamy. I kdyZ geotechnicky prazkum avizo-
val bézi pokryvi mélce pode dnem stavebni jémy, dopliujici prizkum ukézal, Ze pis-
Cité sedimenty naplavené v minulosti fekou Vltavou dosahuji vétSich mocnosti
a piloty ani zdpory nelze vetknout do skalniho podlozi. Skutecnost, Ze se po celé
vySce stavebni jamy nachdzi pouze vrstva piscitych sedimentd, ovliviiovala dimenze
pilot, zdpor i zpusob kotveni jamy. Spolu s omezenou 3ifkou doCasného zdboru
pozemku pro realizaci hloubenych tuneld vedla zména geologickych poméru
k tpravé zpusobu zajidténi stavebni jamy. V rdmci realizatni dokumentace doslo
k prohloubent svisle paZenych stén na tikor svahované dsti. Portdlovou sténu tvorf
velkoprimérové piloty @ 1180 mm vrtané mimo profil tunelti, a zdporovd sténa pro-
vddénd nad obéma tunely. Zatimco piloty presahuji dno stavebni jémy o 3,5 m, patu
zdpor stabilizuje Zelezobetonovy vénec spojeny s mikropilotovym destnikem
z ocelovych rour délky 15 ma @ 108 mm provddénym v rozsahu kaloty nad obéma
tunely. Piloty i zdpory spojuje v koruné stény v jeden tuhy celek Zelezobetonovy hla-
vovy trdm. Po vysce portdlové stény jsou piloty i zdpory v péti irovnich kotveny pra-
mencovymi kotvami pres Zelezobetonové a ocelové prevézky. OdtéZovani stavebni
jémy probihd po etdzich, které respektuji technologii provadéni pazeni jamy, betond-
Ze previzek a predpindni kotev. Ve stavebni jamé se v oblasti budouctho jizniho tune-
lu nachdzi pruzkumnd $tola, jejiz osténi je nutno pri odt€Zovani jamy bourat.
Horninovy pilif dosahuje na portdle raZenych tunelti mocnosti pouze 9,5 m, coZ klade
zvySené ndroky pro zajisténi stability dila pri zahdjeni razby severniho i jizniho tune-
lu.

Hloubené tunely provadéné ve stavebni jgmé nekorespondujf $ifkovym uspord-
dénfm s profilem navazujicich raZenych tuneli. Do stavebni jamy zasahuji pripojo-
vaci a odbocovaci pruhy prilehlych kiizovatek, coz vede ke zvétseni $itky hloube-
nych tuneli o jeden jizdni pruh. Stisnéné poméry pfed portdlem tunelu omezené
mostem pres Vltavu a hloubenym tunelem délky 70 m neumozZnily splnit bezpeg-
nostni doporuceni smérnice 2004/54/ES Evropského parlamentu a Rady na umisté-
ni pfipojovacich pruht v dostatecné vzdalenosti pred portdlem. Tunely tvorf Zele-
zobetonovd klenbova konstrukce osténi se spodni klenbou. Celkov $itka jizniho
hloubeného tunelu presahuje 21 m, severniho pak 16 m. Minimdln{ tloustka osténi
ve vrcholu klenby severniho tunelu ¢ini 600 mm, u jizniho se vzhledem k rozpéti
klenby a vysce zpétného zdsypu zvétsuje na 800 mm az 1000 mm v misté nejvetsi
vysky nadlozi. Vzhledem ke sniZujici se mocnosti nadlozi smérem k portalu tunelu
a zna¢né délce hloubenych tunelt je dimenzovéni osténi z ekonomickych davoda
provedeno po usecich, kde dochdzi ke zméné tloustky osténi i stupné vyztuZeni.
Oba hloubené tunely chréni proti pruniku podzemni vody ,deStnikovy systém
plstové foliové izolace umisténé v oblasti klenby tunelu.

Fig. 6 The demolition of the exploration gallery lining in the area of the
Cholupice construction trench

Obr. 5 PazZeni stavebni jaimy Komorany
Fig. 5 Komorany construction trench partition

and mechanical scaling — removing of loose rock from the excavated surface.
Complete rock blocks are abruptly released in the especially unfavourable geotech-
nical conditions, which could threaten the safety of workers (see Fig. 4). In such the
cases the contractor stabilises the excavation face locally by anchors and shotcrete.
Despite the measures contained in the design, local, geologically conditioned overb-
reaks occur. They are documented in the presence of the owner and contractor and
the contractor takes care of a remedy as quickly as possible. The occurrence of
overbreaks is rather sporadic. In general, the rock mass displays a high level of sta-
bility. The measured deformations of the excavated surface become stable very
quickly and, once the full profile excavation is completed, they usually do not exce-
ed 10mm.

KOMORANY CUT-AND-COVER TUNNELS

The construction trenches for the lower, Komorany portal is 29m deep as
a maximum, and the length of the cut-and-cover tunnels is over 170m (see Fig. 5).
The support of the sides of the trench is installed from a pre-excavated trench, which
has its sides reposing at natural slopes; piles and soldier beams stabilising the sides
of lower parts of the construction trench are installed from the bottom of the pre-
trench. Despite the fact that the geological survey forecast the base of the cover to be
at a shallow depth under the construction trench, an additional survey showed that
the sandy alluvium formed in the past by the Vltava River is thicker and neither the
piles nor the soldier beams could be keyed into the bedrock. The fact that the layer
of sandy sediments was the only material which is encountered throughout the depth
of the construction trench affected the dimensions of the piles, soldier beams and the
method of the anchoring of the walls. The change in the geological conditions, toget-
her with the limited width of the plan area of temporary works led to a change in the
system of the construction trench support. Deeper vertically supported sides were
designed within the framework of the design of means and methods, at the expense
of the sloped portion of the trench depth. The portal wall is formed by large-profile
piles @ 1180mm, which were drilled outside the profiles of the tunnels, and a soldier
beam and lagging wall, which was carried out above both tunnels. While the piles
reach 3.5m under the bottom of the trench, the toes of the soldier beams are stabili-
sed by a reinforced concrete waler, which is connected with a canopy tube pre-sup-
port. The pre-support consists of 15m long, 108mm diameter steel tubes forming an
umbrella above the top headings of both tunnels. The piles and soldier beams are
connected at the top of the walls by one capping piece. The portal walls are suppor-
ted by five tiers of stranded anchors passing through reinforced concrete or steel
walers. The excavation of the construction trench is divided into stages with the
levels of benches corresponding to the needs of the technology of the installation of
the retaining walls, casting of walers and pre-stressing of anchors. There is the explo-
ration gallery in the area of the construction trench and the future southern tunnel.
The gallery lining must be demolished during the course of the excavation of the
trench. The rock pillar is only 9.5m thick at the portal of the mined tunnels, which
places increased demands on the stabilisation of the works at the beginning of the
excavation of both the southern and northern tunnel.

The cut-and-cover tunnels, which are built in an open cut, do not correspond in
terms of the width arrangement to the profile of the adjacent mined tunnels. There
are slip lanes and turning lanes of neighbouring intersections which are found in the
layout of the construction trench. For that reason, the width of the cut-and-cover tun-
nels is greater by one lane. The conditions in front of the tunnel portal, which are con-
strained due to the existence of a bridge over the Vltava River and the 70m long cut-
and-cover tunnel, did not allow the designer to meet the safety recommendations of
the Directive of the European Parliament and of the Council No. 2004/54/ES for the
location of slip lanes to be at a sufficient distance before portals. The tunnels are rein-
forced concrete lining structures with upper vaults and inverted arches. The total
width of the southern and northern cut-and-cover tunnels exceeds 21m and 16m res-
pectively. The minimum thickness of the lining in the crown of the northern tunnel
lining is 600mm), while an increased 800mm up to 1000mm thickness is required for
the southern tunnel lining with respect to the span of the vault and the increasing
height of the backfill. Because of the height of the overburden, which decreases
toward the tunnel portal, and the considerable length of the cut-and-cover tunnels,
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HLOUBENE TUNELY CHOLUPICE the structural analysis of the lining was carried out economically, separately for seve-
ral sections, which differ in the thickness and the reinforcement content. Both cut-

and-cover tunnels are protected against infiltration of ground water by an “umbrella
type” waterproofing system, with the membrane covering the tunnel vault.

Prostorové poméry na Cholupickém portdle nejsou tak stisnéné, jako na
komoranské stran¢ a stavebni jamu lze ¢dste¢né provést svahovanim severniho
svahu jdmy v prirozeném sklonu 1,5 : 1 se zaji$ténim stability svahu tyCovymi

kotvami a vrstvou stifkaného betonu se siti. Pouze na jizni strané jdmy vyZaduji CHOLUPICE CUT-AND-COVER TUNNELS

mistni poméry sténu jdmy zapaZit zdporovym paZenim o svétlé vySce 6 m az

9 m. Zapory IPE 360 vrtané s rozte¢i 2 m a vetknuté 2 m do skalnfho podlo#f sta- The spatial conditions at the Cholupice portal are not so much constrained as those
bilizuji lanové kotvy aktivované pres ocelové prevazky. Mezi zdporami jsou on the Komorany side; the construction trench can be partially excavated with the
instalovany dievéné paziny o tlouitce 100 mm. Portalovou sténu tvoif stejnd northern side sloped at a natural gradient of 1.5 : 1 and the slope stabilisation provi-

ded by rod anchors, a sprayed concrete layer and steel mesh. The local conditions
require that only the southern side of the trench be stabilised by a 6m to 9m high sol-
dier beam and lagging wall. The soldier beams (IPE 360 sections), which are inser-
ted in boreholes drilled at 2m spacing, 2m deep in the bedrock, are stabilised by cable
anchors, which are activated through steel walers. Timber lagging 100mm thick is
installed between the soldier beams. The portal wall consists of large-profile piles
and steel soldier beams; it is the same system as that used at the Komorany portal.
The work on the construction trench started by the drilling for soldier beams and
piles in May 2007, followed by the casting of the capping piece on the portal wall.
The subsequent operations consisted of the excavation of individual benches of the

jako v piipadé Komoranského portalu velkoprumérové piloty a ocelové zdpory.
Préce na stavebni jamé zapoCaly vrtanim zdpor a pilot v kvétnu 2007 s ndslednou
betondzi ztuzujictho hlavového trdmu portdlové stény. Ndsledovalo odtéZovani
stavebni jamy po etapich a osazovani a predepindni pramencovych kotev
v jednotlivych kotevnich drovnich na portdlové sténé a jizni zdporové sténé.
Rozpojovini probihalo bez pouziti trhacich praci a jedinou komplikaci predsta-
vovalo bourdni primdrniho osténi pruzkumné $toly (viz obr. 6). Oba hloubené
tunely navazuji bez zmény tvaru vnitiniho lice osténi piimo na profil razenych
tunelt. Pouze dimenze osténi se oproti raZenym tunelim u hloubenych tunela

zvétSuje ze 400 mm na 600 mm. construction trench and installation and pre-stressing of the cable anchors at the indi-
L . . . vidual anchoring levels on the portal wall and the southern soldier beam and lagging

SPECIFIKA RAZENYCH USEKU TUNELU wall. The ground disintegration was carried out without a need for blasting operati-
Jiz pti ndvrhu primérniho osténi tunelu a technologického postupu razby mus{ ons; the only complication was the breaking of the primary lining of the exploration
projektant zohlednit dispozi¢ni feSeni definitivniho osténi tunelu. Koncepce gallery (see Fig. 6). Both cut-and-cover tunnels link to the profile of the mined tun-

tuneldl vychazi z délky bloku betondZe definitivniho osténi 12 m. V disecich raze- nels directly, without changing the shape of the internal contour of the lining. Only

nych tuneldi pobliz obou portdld vyzaduji geotechnické poméry rychlé uzavirni the dimension of the cut-and-cover tunnel lining is changed, compared with the

spodni klenby tunelu. V tsecich dile od portilu je pouit piicny profil bez uza- mined tunnels; it is increased from 400mm to 600mm.

vieni spodni klenby a hornf klenba spo¢ivd na patkdch. Navrh technologickych

trid vyrubu tuto skute¢nost zohlednuje. Usek razeny v technologické tfidé vyru- SPECIFICS OF MINED TUNNEL SECTIONS

bu 5a urcené do nejhorsich geotechnickych podminek md délku uréenou jako As early as the primary tunnel lining and excavation procedure design phase, the
ndsobek délky bloku betondze definitivniho osténi. Pokud to geotechnické pod- designer must take into consideration the spatial arrangement of the final lining of
minky v trase dila dovoli, Ize i technologickou tiidu vyrubu 5a provadet v dpraveé the tunnel. The concept of the tunnels is based on the length of a casting block of the
bez spodni klenby. V dalSich dsecich jiz neni spodni klenba pouzita a rozhrani final lining, which is to be 12m. In the sections of the mined tunnels which are near
mezi jednotlivymi technologickymi tf{dami vyrubu neni vdzdno na rozhran{ the portals, the geotechnical conditions require quick closing of the tunnel invert. In
mezi bloky betondze definitivniho osténi. Dalsi tpravy standardné navrzenych the sections which are at a greater distance from the portals, a cross section without
technologickych tfid vyrubu vyZaduje situovéni tunelovych propojek, vyklenka the closing by invert is used; the vault is supported by footings. The specification of
pro osazen{ skifni SOS, poZdrniho hydrantu a vyklenku ¢i§téni bo¢ni tunelové excavation support classes takes this fact into consideration. The length of the secti-
drendze. on where the excavation passes through excavation support class Sa, which is desig-
Pro potieby vystavby zavadi realizaéni dokumentace kromé stani¢eni hlavni ned for the worst geotechnical conditions, was determined as a multiple of the final
trasy uvadéné v km i tunelové stani¢eni v tunelovych metrech (TM). Jednd se lining casting block length. Where the geotechnical conditions along the tunnel route
o stani¢eni s nulou umisténou na Komotanském portale ve staniCeni hlavn{ allow it, even excavation support class 5a can be without invert. The invert is not
trasy km 9,045 stoupajici ve sméru dovrchni razby od Komofanského used in the subsequent sections and the interfaces between individual excavation
k Cholupickému portlu. Tunelové staniéen na rozdil od stani¢eni hlavnf trasy support classes are not bound to the interfaces between the final lining casting blocks.
umoznuje snadnou identifikaci konkrétniho mista v severnim i jiznim tunelu Other modifications of the typical excavation support classes are required for locati—
a omezuje tak vznik chyb béhem vystavby na minimum. Po ukongeni stavby ons with cross passages, recesses for SOS cabins, fire hydrants and recesses provi-
pozbyva tunelové stani¢en{ na vyznamu a pro potfeby objednatele jsou veskeré ded for the purpose of cleaning side drains running along the tunnel sides.
tidaje prevedeny zpét do staniCenf hlavnf trasy. To satisfy the needs of the tunnel construction, the detailed design introduced
Délka razenych dsekd jizniho a severnfho tunelu nenf totoznd. Oba tunely lez{ asystem of chainage measured in tunnel metres (TM) in addition to the chainage sys-

tem established for the main route. The zero chainage of the TM system is at the
Komorany portal, at the main route chainage of km 9.045, rising in the direction of
the uphill excavation from the Komorany portal toward the Cholupice portal. As
opposed to the main route chainage, the tunnel chainage makes easy identification of
a particular location in the southern or northern tunnel possible, thus it keeps the
number of errors made during the constriction at a minimum level. When the con-
struction is completed, the tunnel chainage will lose the importance and all data will
be converted to follow the main route chainage system.

The lengths of the mined sections of the southern tunnel and northern tunnel are not
identical. Both tunnels are on a horizontal curve. The centre line of the southern tun-
nel is parallel with the horizontal alignment of the main route, whereas the centre line
of the northern tunnel diverts in the area of the Komorany portal, runs parallel to the
main route in the next section and returns close to the horizontal alignment of the main
route before the Cholupice portal. This design ensures a sufficient distance between the
two tunnel tubes along the major part of the mined tunnel sections lengths.

The division of the tunnel into final lining casting blocks with equal lengths leads
to the standardisation of the structural design and affects the engineering solution of
other structures and tunnel equipment systems. In addition to the locations of cross

ve smérovém oblouku. Zatimco osa jizniho tunelu tvori rovnobézku k ose hlav-
ni trasy, osa severniho tunelu se v prostoru Komoranského portdlu od osy hlav-
ni trasy nejprve odkldni, v dal§im tseku probihd rovnobézné s osou hlavni trasy
a pred portdlem Cholupice se opét k ose hlavni trasy priblizuje. Tim je na vetsi-
né délky razenych tseku tunelu zajiiténa dostate¢nd vzdjemna vzdalenost obou
tunelovych trub.

Rozdélen{ tunelu na bloky betondZe definitivniho osténi stejné délky vede ke
standardizaci konstrukéniho feSeni a ovliviiuje technické feSeni dalsich staveb-
nich objektu i provoznich soubort technologického vybaveni tunelu. Kromé
polohy propojek a vyklenki ovliviiuje blokové schéma definitivntho osténi
i polohu kanaliza¢nich a kabelovych Sachet, sparorez vozovky, umisténi svitidel
nouzového osvétleni a chraniek pro kabely vedené v definitivnim osténi tunelu
k jednotlivym zafizenim. Jako zakladni byl pri ndvrhu blokového schématu zvo-
len vzhledem k paralelnimu prabéhu osy tunelu s osou hlavnf trasy jizni tunel.
Délka razeného tseku tunelu je bezezbytku rozdélena na bloky délky 12 m.
Bloky betonaZe atypické délky se v jiznim tunelu nevyskytuji. Polohu tinikovych
tunelovych propojek urCuji pozadavky na bezpecnost provozu v tunelu

a v tunelech se jich nachdzi celkem 8. Osa tunelové propojky odpovidd vzdy ose passages and recesses, the block scheme of the final lining affects the locations of
bloku betonaz,e. VhOdI}f)vu lpravou polohy portdld, situovinim t}unel(zvych pro- sewerage manholes and cable shafts, the joints layout, locations of the emergency
pojek a vedenim trasy jizniho tunelu se podafilo vytvorit blv(?kove sch.ervna sever- lighting luminaries and cable ducts in the lining leading to individual fittings. The
niho tunelu pouze pouze s 8 atypickymi bloky betoonéie, priemZ nejvetsi kom- southern tunnel was chosen as the basic tunnel for the block scheme design with res-
plikaci pfi vytvéfeni blokovych schémat obou tunelii predstavuje situovani tune- pect to the horizontal alignment of the tunnel, which is parallel with the alignment of
lovych propojek. the main route. The length of the mined section of the tunnel is divided into aliquot,

Z hlediska razby tunelu definujf zdkladni pravidla pro zajisténi stability vyru- 12m long parts. Atypically long casting blocks do not exist in the southern tunnel.
bu a technologicky postup vystavby technologické tfidy vyrubu. Projektant rea- The locations of escape cross passages are determined by the requirements for the
liza¢n{ dokumentace analyzoval stdvajici znalosti o horninovém masivu v trase tunnel operation safety; there are 8 escape cross passages in the tunnels. The centre
tunelli a provedl ndvrh technologickych tiid vyrubu pro oba tunely. Realiza¢ni line of each cross passage is always in the middle of the particular casting block. By
dokumentace obsahuje pro kazdy tunel v souladu se zaddvaci dokumentaci 3 properly adjusting the locations of the portals, locations of the cross passages and the
technologické tridy vyrubu oznadované 3,4 a 5a. Technologicka tfida vyrubu 5a horizontal alignment of the southern tunnel, the designer managed to create a block
je urCena do nejtézsich geotechnickych podminek a obsahuje i modifikaci pro scheme for the northern tunnel containing only five atypical casting blocks; the most
razbu pod ochranou mikropilotového destniku od obou portélt. Dalsi dvé tridy serious complication which was encountered during the work on the block schemes

pak definuji zpasob zajisténi stability vyrubu a technologicky postup vystavby was the determination of the locations of the cross passages.




Obr. 7 Prvni tidery bouraciho kladiva pri zahdjeni razby ze Stoly
Fig. 7 Initial blows by the impact hammer on the commencement of the exca-
vation from the gallery

v lepsich geotechnickych podminkédch. Pro ovéfeni geotechnickych podminek
byla v predstihu pred razbou tunelu vyraZena v ose jizniho tunelu prizkumnd
Stola. Projektant Stoly nalezl jeji optimdlni polohu v profilu kaloty. Pocva Stoly
se nachdz{ v drovni 3,35 m nad drovni nivelety tunelu a svétld vyska dosahuje
5,5 m. Sitka 3toly 4,5 m umoznila bezproblémovy pohyb mechanizmd, neu-
moznila vak jejich vzdjemné mijeni pri provozu ve §tole. Proto jsou ve Stole po
cca 200 m navrZeny vyhybny jednostrannym roz§itenim profilu toly do profilu
kaloty budouciho tunelu. V jednom tseku doglo v rdmci geotechnického pra-
zkumu k vyrazeni pokusného vyrubu v plném profilu kaloty budouciho tunelu
s po¢vou v drovni po&vy prizkumné Stoly.

Pfi ndvrhu technologickych tiid vyrubu jiZniho tiipruhového tunelu zohlednil
projektant realizaéni dokumentace polohu pruzkumné Stoly a pokusil se maxi-
mélné vyuzit jejich rozméru pri Gpravé tvaru piicného fezu tunelu. Limitujicim
faktorem bylo vyskové vedeni trasy tunelu i celkovd plocha vyrubu ovliviujici
rozsah provadénych praci, a tim i vysi investi¢nich nakladu. Po dohodé se zho-
tovitelem s ohledem na nasazenou mechanizaci doslo ke zvétSeni vysky kaloty
na 6,6 m za cenu prohloubeni jeji po¢vy na troven 2,25 m nad niveletu tunelu,
tj. 1,1 m pod po&vou pruzkumné 3toly. NadvySeny rub primdrniho osténi tunelu
odpovidal teoretickému lici primdrniho osténi $toly, aby bylo moZno vyztuzné
rémy a sité osténi tunelu umistit pod primdrni osténi Stoly. Odchylky a tolerance
provadéni primérniho osténi $toly smérem do profilu v§ak mnohdy vedly k nut-
nosti demolice stropu Stoly. RovnéZ vyuziti jednostrannych vyhyben jako sou-
¢asti primdrniho osténi tunelu se ukdzalo jako neredlné. Pokusny vyrub plného
profilu kaloty se podarilo diky dobrym geotechnickym podminkdm v daném
tiseku zachovat a zakomponovat do primdrniho osténf tunelu. Priuzkumné §tola sni-
Zila objem vyrubu kaloty pii $ifce vyrubu v pocvé kaloty 16,4 m a vySce kaloty
6,6 m z 85 m? jen na cca 60 m2. Plocha vyrubu jadra dosahovala pii vySce vyrubu
3,56 m az 57 m2. V technologické tiidé vyrubu 5a se spodni klenbou tvoril treti
¢ast vertikédlniho ¢lenénf profil pocvy o ploSe 25 m2. Plocha vyrubu nejvétsiho pro-
filu se spodnf klenbou dosahuje po odeteni plochy vyrubu prizkumné Stoly vice
neZ 140 m2 veetné prizkumné Stoly pak 165 m2. Plocha vyrubu jizniho tunelu bez
spodni klenby dosahuje 113 m2, resp. 138 m?2 v&etné plochy prizkumné $toly.

Zadévaci dokumentace poprvé v Ceské republice umoziiuje variovat jednotli-
vé prvky zajisténi stability vyrubu bez nutnosti ménit smluvni cenu za bézny
metr tunelu vyraZeného v urcité technologické tfidé vyrubu a v ur¢itém interva-
lu,. Samoziejmé v ur¢itém intervalu, ktery v pfipad€ raZenych tuneld stavby 513
predstavuje 20 % od smluvni ceny. Pokud tprava jednotlivych prvku zajiténi
stability vyrubu (kotvy, jehly, tloustka primérniho osténi, vyztuzné sité a rdmy
atd.) nevede k odchylce od smluvni ceny o vice neZ 20 %, neni zhotovitelem
ndrokovano zvyseni ¢i sniZeni investi¢nich ndkladu a k tpravé muZe dojit po
dohodé odpovédnych zdstupcu objednatele a zhotovitele piimo na stavbé. AZ
v pripadé, 7e rozsah dprav vede k odchylce od smluvni ceny vétsi nez 20 %,
dojde k jeji dpravé. Systém se blizi rakouskému zpusobu hodnoceni podle
ONORM B2203 s tim, Ze nejsou jednotlivé prvky zajisténf stability vyrubu hod-
noceny bodové, ale pifmo podle smluvni ceny. Nové posuzovéni zmén zpusobu
zajistén{ stability vyrubu béhem vystavby otevird prostor k operativnimu rozho-
dovéni podle skute¢né zastiZenych geotechnickych podminek, coZ je jeden
z hlavnich principt NRTM. V dobé pripravy ¢ldnku probihala jednani o zvétSeni
profilu severniho tunelu. Proto jeho parametry neuvadime.

ALTERNATIVNI ZPUSOB ZAHAJENI RAZBY JIZNIHO TUNELU

V dvodu popsané komplikace oddalovaly termin zahajeni razeb obou tunelu.
Proto zpracovatel realiza¢ni dokumentace navrhl po dohodé se zhotovitelem
alternativni zptsob zahdjeni razby jizniho tfipruhového tunelu, ktery byl ndsled-
né predloZen objednateli k odsouhlaseni. Ndvrh spocival v provedeni rozsiteni
profilu prizkumné Stoly na plny profil kaloty tunelu a zahdjeni raZby
z vytvoreného ndrazi uvnitf horninového masivu. OdtéZovani rubaniny
a doprava materidlu do podzemi probihaly pfes pruzkumnou §tolu. Jako
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Regarding the tunnel excavation, the basic rules for the securing of the excavation
stability and the excavation procedure are defined by excavation support classes. The
designer who carried out the detailed design (design of means and methods) analysed
the pieces of knowledge of the rock mass along the tunnel route and specified the exca-
vation support classes for both tunnels. The design of means and methods contains, in
agreement with the tender documents, 3 excavation support classes, which are marked
as classes 3, 4 and 5a. Excavation support class 5a is intended for the most difficult
geotechnical conditions; it even contains a modification for the excavation using cano-
py tube pre-support to be installed from both portals. The specification for the other
two classes define the excavation support system and excavation procedure for better
geotechnical conditions. An exploration gallery following the centre line of the sout-
hern tunnel was driven for the purpose of the verification of the geotechnical conditi-
ons. The designer found the optimum alignment for the gallery. In the cross section,
the gallery is found within the tunnel top heading profile, with the bottom at a height
of 3.35m above the tunnel bottom. The net height of the gallery reaches 5.5m. The
width of the gallery allowed trouble-free movement of tunnelling equipment, but it did
not allow machines to pass along one another in the gallery. For that reason there are
passing bays in the gallery, which are provided every 200m by enlarging the gallery
profile on one side, to the profile of the future tunnel calotte. In one section of the tun-
nel, a trial excavation was carried out, with the full cross section of the future tunnel
top heading and the bottom identical with the exploration gallery bottom level.

When the specification of excavation support classes for the southern, three-lane
tunnel was being developed, the author of the final design made allowance for the
position of the exploration gallery within the tunnel cross section and attempted to
use its dimensions for the benefit of the shape of the tunnel cross section. The limi-
ting factor was the vertical alignment of the tunnel and the total excavated cross-sec-
tional area, which affected the volume of the works and the investment costs. After
discussions with the contractor, with respect to the tunnelling equipment to be used,
the top heading height was increased to 6.6m by lowering of its bottom to the level
of 2.25m above the tunnel bottom, i.e. I.1m under the bottom of the exploration gal-
lery. The overcut outer surface of the primary lining of the tunnel corresponded to
the theoretical inner surface of the primary lining of the gallery so that the lattice gir-
ders and steel mesh could be installed beneath the primary lining of the gallery.
However, deviations of the primary lining of the gallery causing its protrusion into
the tunnel excavated cross section frequently required demolition of the gallery
lining. The use of the one-sided passing bays as parts of the primary lining of the tun-
nel also showed unrealistic. Owing to the good geotechnical conditions in the given
section, the trial top heading full-face excavation was preserved and incorporated
into the primary lining of the tunnel. The exploration gallery reduced the volume of
the top heading excavation (16.4m wide at the top bottom and 6.6m high) to a mere
60m? area. The excavated cross-sectional area of the bench reached up to 57m2 (at
the excavation height of 3.56m). In excavation support class 5a with invert, there was
a third part in the vertical excavation sequence. It was the invert with the excavated
cross sectional area of 25m?2. The cross-sectional area of the largest tunnel profile
with the invert reaches, after the deduction of the exploration gallery cross section,
over 140m2; if it is together with the exploration gallery profile, it makes up 165m?2.
The excavated cross-sectional area of the southern tunnel without the invert reaches
113m2, or 138m? without the exploration gallery area.

It has been for the first time in the Czech Republic that a contractor is permitted by
tender documents to vary individual elements of the excavation support system wit-
hout a necessity for changing the contractual unit price for a meter of the tunnel exca-
vated through a particular excavation support class. Of course, it is so within a certain
interval, which is 20% of the contractual price in the case of the mined tunnels of con-
struction lot 513. If the modification of the individual elements of the primary support
system (anchors, needles, primary lining thickness, steel mesh, lattice girders etc.) does
not result in a deviation from the contractual price exceeding 20%, the contractor does
not require an increase (or decrease) in the investment cost and the modification can
be agreed between the authorised representatives of the owner and contractor directly
on site. Only when the extent of modifications results in a deviation from the contrac-
tual price greater than 20% will the contractual price be changed. The system is very
similar to the Austrian method of the assessment according to ONORM B2203, with
a difference in the assessment of individual elements of the excavation support system:
they are assessed directly according to the contractual price, not by points. The new
approach to the assessment of the excavation support system during the course of the
construction opens the space for an operative decision-making process taking into con-
sideration the actually encountered conditions, which is one of the main NATM prin-
ciples. There were negotiations in progress at the time of the preparation of this paper
regarding the enlargement of the northern tunnel cross section. For that reason we do
not present the parameters of this tunnel.

ALTERNATIVE PROCEDURE FOR THE COMMENCEMENT
OF THE SOUTHERN TUNNEL EXCAVATION

The complications which were described in the introduction delayed the date of
the commencement of the excavation of both tunnels. For that reason, the author of
the detailed design proposed, after discussions with the contractor, an alternative pro-
cedure for the commencement of the excavation of the southern, three-lane tunnel,
which was subsequently submitted for approval to the owner. The proposal was
based on the idea of enlarging the exploration gallery cross section to the full profi-
le of the tunnel top heading and starting the excavation from a point of attack to be
established inside the rock massif. The muck was removed and materials were supp-
lied through the exploration gallery. The first one-sided passing bay in the gallery,
which was located at the tunnel chainage TM 250, i.e. about 80m beyond the
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optimdlni misto pro zahdjeni razeb byla vyuzita prvni jednostrannd vyhybna
Stoly situovand do tunelového metru TM 250, tj. cca 80 m za sténou
Komoranského portdlu. Alternativn{ zahdjen{ razby bylo navrZeno ve 2 varian-
tach. Prvni varianta predpoklddala po rozsifeni profilu vyhybny dovrchni razbu
smérem k Cholupickému portdlu. Druhd varianta predpoklddala po vytvoreni
dostate¢ného manipula¢niho prostoru v podzemi dovrchni razbou kaloty smérem
k Cholupickému portdlu do¢asné zastaveni razby. Provedeni zpétné razby smé-
rem ke Komoranskému portdlu az na vzdélenost cca 6 m od portdlové stény by
umoznilo vyrazeni prvni tunelové propojky do severniho tunelu ve stani¢eni TM
215 a otevieni dalsiho pracovi§té s moZnosti razby dvoupruhového tunelu. Po
zvazeni vyhod a nevyhod obou variant vybral zhotovitel pro realizaci prvni vari-
antu. Hlavnim diivodem pro vybér varianty byla omezend kapacita pruzkumné
Stoly jako dopravni cesty pro obsluhu dvou podzemnich pracovist' v kazdém
tunelu a zdkaz odtéZovéani rubaniny prazkumnou $tolou pies Cholupicky portal.
V realiza¢ni dokumentaci pfedstavoval alternativni ndvrh pouze variantni feSen{
technologického postupu praci. Technologické tfidy vyrubu i standardni techno-
logické postupy vystavby zustaly zachovany.

Razba jizniho tunelu byla zahdjena dne 2. 4. 2007 roz§ifenim vyhybny pra-
zkumné Stoly (viz obr. 7). Nedostatek prostoru omezoval zpocatku vykony
a razba probihala v technologické tfidé vyrubu 5a s modifikaci bez spodnf klen-
by. Délka zdbéru v kaloté se pohybovala do 1 m. Primérn{ ostén{ vyhybny Stoly
zasahovalo do profilu tunelu a muselo byt po jednotlivych zdbérech odstranéno.
Rychlost razby se pohybovala do 1 m za den. Po vytvoreni dostate¢ného mani-
pula¢niho prostoru a zlepSeni geotechnickych podminek ve vétsi vzdalenosti od
portdlu se vykony zvySovaly aZ na 2 zdbéry kaloty za den s primérnou rychlos-
ti razby 4,2 m/den (max. 5.4 m/den). I kdyZ celkové vykazoval horninovy masiv
vysokou stabilitu, dochdzelo pfi prodluzovéni délky zdbéru k nezddoucim nad-
vyrubim zpusobenym lokdlnim vypadévanim bloku horniny po plochéch dis-
kontinuit, a to jak na lici vyrubu, tak z Celby (viz obr. 4).

Po vyrazeni 700 m jizniho tunelu Ize konstatovat, Ze i pres jistd omezen{ zpu-
sobend stisnénym prostorem prizkumné $toly jako dopravni komunikace umoz-
nilo alternativni feSeni zahdjit razbu tunelu pied doreSenim problému v oblasti
tunelovych portdll a odtéZenim stavebnich jam. Béhem dovrchnf razby tunelu
od Komoranského portélu doslo k vytéZeni stavebni jamy Cholupice na troven
kaloty tuneld, navrtani mikropilotovych de$tniku, betonaZi ochrannych Zelezo-
betonovych véncu a pripravé portdlu pro zahdjeni dpadni raZby. OdtéZovéni sta-
vebn{ jémy Komorany probihé po etapdch s ochrannym celikem po obvodu pru-
zkumné Stoly. Po zahdjeni tpadni razby od Cholupického portdlu bude dovrch-
ni razba docasné prerusena a po demolici osténi Stoly stavebni jama Komorany
dotéZena na troven kaloty obou tuneld. Nasledné lze zahdjit dovrchni razbu
obou tunelt i od Komoranského portdlu.

VYZNAM PRUZKUMNE STOLY PRO RAZBU TUNELU

NRTM patii k metoddm, které dokdzi operativné reagovat na skute¢né zasti-
Zené geotechnické podminky a optimalizovat postup vystavby i zpusob zajistén{
stability vyrubu. Nutnost provadéni prazkumnych $tol v souvislosti s NRTM
proto patif k asto poklddanym otdzkdm a vede mnohdy k bouflivym diskusim.
Proto nebudeme hodnotit ekonomickou stranku véci a zaméfime se na vliv pra-
zkumné Stoly pouze z pohledu zhotovitele, jehoz tkolem je realizace podzemni-
ho dila.

Poloha prazkumné $toly v ose tunelu v profilu kaloty se ukézala jako opti-
mélnf jak z hlediska provddéni vyrubu a jeho stability, tak z hlediska provadéni
trhacich praci. Nepfesnosti v provadéni primdrniho osténi Stoly vedly mnohdy
k nutnosti bourdni osténi i v pristropi tunelu (viz obr. 8). VEtSi nadvyseni profi-
lu by sice vyzadovalo vyplnéni pripadného prostoru mezi licem osténi $toly
a rubem ostén{ tunelu stifkanym betonem, nosnd funkce ostén{ by viak zlstala
zachovéna. Primdrni osténi $toly by melo byt vzhledem k docasné funkci slabé
vyztuZeno, aby néslednd demolice nepredstavovala Casové ztrity. Jednd se

Obr. 8 Bourdni osténi pruzkumné $toly v pristropi kaloty
Fig. 8 Demolition of the exploration gallery lining in the top heading crown

Tuel

Komorany portal wall, was used as the optimum place for the commencement of the
tunnel excavation. Two variants of the alternative commencement of the excavation
were prepared. The first variant expected an uphill excavation toward the Cholupice
portal to start once the profile of the passing bay has been enlarged. The other variant
assumed that the excavation would be temporarily suspended after a sufficient mano-
euvring space had been created in the underground by the uphill excavation of the top
heading toward the Cholupice portal. A counter excavation toward the Komorany por-
tal, up to a distance of 6m of the portal wall, would have made the excavation of the
first cross passage to the northern tunnel at chainage TM 215 and establishing of
a point of attack allowing the excavation of the double-lane tunnel possible. Taking
into consideration advantages and disadvantages of both methods, the contractor chose
the former alternative for the realisation. The main reason for the choice of this alter-
native was the limited capacity of the exploration gallery which was to become the
transport route for the servicing of two underground workplaces (partial headings) in
each tunnel, and a ban on the removal of muck via the exploration gallery through the
Cholupice portal. In the detailed design, the alternative proposal represented only
a variant of the technological procedure of the works. The excavation support classes
and the standard means and methods of excavation remained unchanged.

The excavation of the southern tunnel started on 2.4.2007 by operations enlarging
the exploration gallery to the dimensions of the passing bay (see Fig. 7). A lack of
space limited the outputs at the beginning; the excavation passed through excavation
support class 5a, with the modification without invert. The advance per cycle was up
to Im. The primary lining of the passing bay protruded into the tunnel profile and had
to be removed after the individual advances. The excavation advance rate was up to
1m per day. Once a sufficient manoeuvring space had been created and the geotechni-
cal conditions had improved (at a greater distance of the portal), the outputs improved
reaching even two top heading advance rounds per day, with the average advance rate
of 4.2m per day (maximum 54m/day). Despite the fact that the rock mass displayed
high stability, undesired overbreaks occurred in the cases of extended lengths of the
excavation rounds; rock blocks locally slipped down along discontinuity surfaces, both
from the excavated tunnel surface and the excavation face (see Fig. 4).

After the completion of 700m of the southern tunnel excavation it is possible to
state that, despite some restrictions associated with the constrained space in the
exploration gallery, the alternative design made it possible for the tunnel excavation
to start even though the solution to the problems in the area of the tunnel portals has
not been concluded and the construction trenches excavation has not been comple-
ted. The excavation of the construction trench at the Cholupice portal to the tunnel
top heading floor level was finished and the installation of the canopy tube pre-sup-
port, casting of the reinforced concrete capping pieces and preparation of the portal
for the commencement of the downhill excavation were performed during the cour-
se of the uphill excavation of the tunnel from the Komorany portal. The excavation
of the construction trench Komorany is being carried out in stages, with a protective
layer of untouched rock left around the exploration gallery circumference. When the
downhill excavation from the Cholupice portal starts, the downhill excavation will
be temporarily suspended; the Komorany construction trench excavation will be
completed to the level of the top headings of both tunnels only after the demolition
of the gallery lining. The uphill excavation of both tunnels from the Komorany por-
tal can be resumed subsequently.

IMPORTANCE OF THE EXPLORATION GALLERY
FOR THE TUNNEL EXCAVATION

The NATM belongs among the methods which are able to operatively respond to
the actually encountered geotechnical conditions and optimise the construction pro-
cedure and the means and method of the excavation support. The necessity for the
driving of exploration galleries in the context of the NATM therefore belongs among
frequently asked questions and it many times leads to wild discussions. For that rea-
son we are not going to assess the economic side of the problem; we are going to
focus on the effect of the exploration gallery purely from the viewpoint of
a contractor, whose task is to carry out the underground works.

The position of the alignment of the exploration gallery following the top heading
profile proved to be optimum both in terms of the excavation execution and stabili-
ty and in terms of the blasting operations. Inaccuracies in the construction of the pri-
mary lining of the gallery often resulted in the necessity for the demolition of the
lining, even in the tunnel crown (see Fig. 8). On the one hand, larger overcutting of
the profile would have required the filling of the potential space between the inner
surface of the gallery lining and the outer surface of the tunnel lining with shotcrete;
on the other hand, the load-bearing function of the lining would have remained uns-
poiled. The reinforcement of the primary lining of the gallery should be weak, with
respect to the temporary function of the lining, so that the subsequent demolition
does not cause time losses. This is primarily possible by the replacement of steel
mesh by steel wire reinforced shotcrete or replacement of steel anchors by glassfib-
re reinforced plastic anchors. Once the gallery lining had been removed, the loose-
ned rock mass was easier to excavate, both in weaker layers using a tunnel excava-
tor and in harder layers using the drill and blast method. The explosion energy was
focused toward the free space formed by the gallery, which fact made the use of
effective drill patterns and more considerate manner of rock disintegration possible.

Owing to the properties of the rock mass along the tunnel route, no significant
deterioration of the properties of the rock mass in the tunnel surroundings which is
usual, for example, in an environment formed by clay or deterioration prone rocks
or soils, took place. In general, the excavation was stable, with the vectors of dis-
placement not exceeding 10mm. The gallery acted as a stabilising element in the
longitudinal direction. It was possible in a case of need, in an unstable environment,
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zejména o nahrazeni vyztuznych siti dratkobetonem nebo ocelovych kotev sklo- to implement measures leading to the improvement of the rock mass ahead of the
lamindtovymi. Po demolici osténi §toly umozZiioval rozvolnény horninovy masiv excavation face. Thanks to the good quality of the rock mass, this possibility has not
snazs§i odtézovani jak v mékéich polohdch tunelovym bagrem, tak v tvrdsich been used yet.
polohdch za pouziti trhacich praci. Energie vybuchu sméfovala do volného pro- The excavation of the gallery caused partial drainage of the rock mass and redu-
storu $toly, coZ umoZiiovalo ndvrh efektivnich vrtnych schémat a Setrnéjii roz- ced the water inflows to the tunnel excavation to a minimum level. However, the
pojovan{ horninového masivu. water table would be lowered during the course of the tunnel excavation in any case,
Vzhledem k vlastnostem horniny v trase tunelu nedochdzelo vlivem razby considering the duration of the works and the existence of the fissure type permea-
Stoly k vyraznému zhorSenf vlastnosti masivu v okolf vyrubu, jak tomu byvé bility of the rock mass. The low rates of ground water inflows are also attributable to

the exceptionally dry summer 2007, where the water surface in the wells being moni-
tored dropped even by several metres within the whole locality, independently of the
area affected by the presence of the exploration gallery or by the tunnel excavation.

The exploration gallery positively influences the possibility to ventilate the
underground spaces throughout the construction period and provides another escape
route in the case of critical situations. It made the excavation of the three-lane tunnel
possible before the excavation of the construction trenches for the portal cut-and-
cover sections of the tunnel was finished.

The use of primary lining of the one-sided passing bays encounters a problem of
the connection of lattice arches and steel mesh with those of the tunnel lining, and
the problem of the accuracy of the lining installation. The lining of the one-sided pas-

napf. v prostedi jili nebo hornin & zemin ndchylnych k degradaci. Vyrub byl
celkove stabilni s vektory deformace do 10 mm. Stola pusobila v podélném
sméru jako stabilizujici prvek. V pripadé nutnosti by bylo mozné provést
v nestabilnim prostredi opatfeni vedouci ke zlepSeni horninového masivu
v predstihu pred provedenim zébéru. Vhledem ke kvalité horninového masivu
tato moZnost nebyla doposud vyuZita.

Razbou §toly doslo k ¢dste¢nému odvodnéni horninového masivu a omezeni
pritokt vody do vyrubu tunelu na minimum. Ke sniZenf hladiny podzemni vody
by pri razbé vlastniho tunelu doslo s ohledem na dobu vystavby a puklinovou
propustnost horninového masivu v kazdém piipadé. Nizké pfitoky podzemni

Vf)dy rovnéz souvisi s mimofddné suchym léterr} v roce 200077 kdy v celé lokali- sing bays protruded into the tunnel cross-section and the exact positions of the latti-
té poklesla hladina sledovanych studni aZ o nékolik metru, a to nezdvisle na ce girders were not documented. For that reason the lining had to be completely
oblasti ovlivnéné pritomnosti pruzkumné Stoly, resp. razbou tunelu. demolished and replaced by the tunnel top heading lining.

Priizkumnd Stola pozitivné ovliviiuje moznost vétrani podzemnich pracovist The primary lining of the trial section of the top heading excavation within the fra-
po dobu vystavby a tvoif dal3i tnikovou cestu v piipadé krizovych situaci. mework of the exploration gallery excavation was, owing to the satisfactory positi-
V piipadé tiipruhového tunelu umoznila zahdjeni razby v predstihu pred odtéze- on of the lining and good quality of the rock mass, left untouched, at the expense of
nim stavebnich jam portdlovych dseku tunelu. the possibility of connecting the lattice girders supporting the previous excavation

Vyuziti primdrniho osténi jednostrannych vyhyben nardzi na problém napoje- (top heading) with the girders newly installed in the bench excavation due to the fact
ni vyztuznych rdmu a siti i presnost provadéni. Osténi jednostrannych vyhyben that their position had not been documented. The joint elements for the connection
zasahovalo do profilu tunelu a presnd poloha vyztuznych rdmu nebyla doku- of the lattice girders installed during the bench excavation were also unprepared. It
mentovéna. Proto doslo k dplné demolici osténi a jeho nahrazeni primdrnim is possible to recommend on the basis of experience that the top-heading-full-face
osténim kaloty tunelu. passing bays be constructed in exploration galleries and sufficient overcutting of the

Primérni ostén{ pokusného tiseku razby kaloty v priizkumné §tole bylo vzhle- future tunnel profile be carried out if the geotechnical conditions allpw it. One-sided
dem k vyhovujici poloze a dobré kvalité horninového masivu ponechéno za cenu passing bays can be constructed eiFh?ﬁ with the 'POSiﬁOUS Qf latt'ice girders beipg con-
nemoZnosti napojeni vyztuznych rdma stdvajici kaloty a nové provadéného osté- sistently documented and the possibility of their connection with the remaining part
ni v opéf, nebot jejich skutecnd poloha nebyla dokumentovana. RovnéZ nebyl of the tunnel top heading lining being maintained, or in the position protruding into

the tunnel profile, where the reinforcement content must be minimum so that the
demolition of the lining causes no problems during the tunnel excavation. A problem
to be dealt with always remains in the case of the use of the existing lining, i.e. the
state of stress in the original lining, the margin of the loading capacity of the original
lining and the structural behaviour of the new and old liners as a whole.

Because of the fact that it was impossible at the time of the work on this paper to
assess the experience gained during the excavation of the northern tunnel, which will
pass through a rock massif where no exploration gallery is present, it is not possible
to unambiguously assess the influence of the exploration gallery on the excavation
stability, deformational behaviour of the rock mass or inflows of water to headings.

If we disregard the economic effectiveness of the construction of the exploration

pripraven styénikovy prvek pro napojenf rdmu pfi osazovan{ rdmi v op&ff tune-
lu. Na zdkladé zkuSenosti 1ze doporucit provadéni vyhyben v pruzkumnych §to-
lach v plném profilu kaloty a s dostatecnym nadvySenim nad profilem budouci-
ho tunelu, pokud to geotechnické podminky dovoli. Jednostranné vyhybny lze
provadét bud s dislednym dokumentovanim polohy vyztuZnych rdami
a moznosti jejich napojeni na zbyvajici ¢ast osténi kaloty tunelu nebo v profilu,
nebo v profilu tunelu s minimdlnim vyztuZenim osténi, aby jeho demolice
nezpusobovala problémy pfi razbé tunelu. Pfi vyuZiti stévajictho osténi vzdy
zUstdvd otdzkou stav napjatosti a rezervy dnosnosti puvodniho osténf a statické
chovdni nového a starého osténi jako celku.

Vzhledem k tomu, Ze v dobé zpracovéni ¢ldnku nebylo moZno vyhodnotit gallery, which, however, plays a crucial role, it is possible from the engineering point
zkuSenosti z razby severniho tunelu, kterd bude probihat v horninovém masivu of view to state that if we assess the influence of the exploration gallery, positives
bez pritomnosti prizkumné toly, nelze jednoznacné posoudit vliv prizkumné prevail over negatives in the particular conditions of the excavation of the southern
Stoly na stabilitu vyrubu, deformaé¢ni chovani horninového masivu nebo pritoky tunnel of construction lot 513.
vody do Celby.

Pokud nehodnotime ekonomickou efektivitu provadéni prizkumné $toly, CONCLUSION
kterd vSak hraje zdsadni roli, Ize z ryze technického hlediska konstatovat, ze
v konkrétnich podminkéch razby jizniho tunelu stavby 513 prevladaji pfi hod-
noceni vlivu pruzkumné $toly pozitiva nad negativy.

The implementation of any underground construction project is an original per-
formance. Its success is influenced by many factors. The completion of the excava-
tion of the Cholupice construction trench to the calotte level at the end of September
2007 made the commencement of the downhill excavation of both tunnel tubes pos-

ZAVER sible. The uphill excavation of the southern tunnel by the alternative method using

Provédéni kazdého podzemniho dila je origindlni a dspésnou realizaci ovliv- the exploration gallery as a transport route minimised the delay suffered at the begin-
fiuje mnoho faktord. DotéZeni stavebni jamy Cholupice na konci zif 2007 na ning of the excavation works. Nearly 700m of the southern tunnel top heading and
droven kaloty umoznilo zahdjen{ tpadni razby v obou tunelovych troubach. 400m of the bench had been excavated before the completion of the excavation of
Dovrchni razba jizniho tunelu alternativnim zpsobem s vyuZitim prazkumné the construction _trenche& The positive attitude adopted by t_hg aner’s and contrac-
Stoly jako dopravni cesty minimalizovala Casovy skluz na pocatku harmonogra- tor’s representatives contributed to the overcoming of the initial problems and the

construction work is gaining momentum. The method of the excavation cost estima-
tion and determination of the excavation support means and methods which has been
used during the construction is original in the Czech Republic. It makes the full use
of the NATM advantages possible. The contractor continues to excavate the tunnel
even under worsened conditions, according to the construction schedule, so that the
deadline for the construction commissioning in 2010 is met. When the situation
regarding the enlargement of the double-lane northern tunnel is solved, the com-
mencement of the excavation from the Cholupice portal will be immediately pos-
sible, to be followed with a short delay by the excavation from the Komorany por-

mu. Pred vytéZenim stavebnich jam bylo vyraZeno vice nez 800 m jizniho tune-
lu v kaloté a 400 m v jadre. Pozitivni piistup zdstupcu investora i zhotovitele pri-
spél k prekondn{ pocdte¢nich problému a stavba nabird na tempu. Pfi stavbé se
uplatiiuje v Ceské republice dosud nepouZity zpusob oceriovéni razby a zpusobu
zajistén{ stability vyrubu, ktery umoziuje plné vyuziti vihod NRTM. Zhotovitel
postupuje pri razbé tunelu i ve ztizenych podminkédch podle harmonogramu
praci tak, aby byl dodrzen termin uvedeni stavby do provozu v roce 2010. Po
dofeSeni situace kolem rozsiteni dvoupruhového severniho tunelu Ize okamzité
zahdjit jeho razbu od Cholupického portdlu a s krétkym casovym odstupem i od tal. The project owner is the Directorate of Roads and Motorways of the Czech

portélq Komofans}(ého. Investvore/m stavby je Reditelstvi silnic a ddlnic (Vleg,ké Republic, the contractor is a group of companies consisting of SKANSKA-DS,
republiky, zhotovitelem sdruZeni SKANSKA-DS, SKANSKA-BS a Alpine SKANSKA-BS and Alpine Mayreder, the consulting engineer’s supervision is pro-

Mayreder, autorsky dozor provadi firma Pragoprojekt, geomonitoring pro inves- vided by Pragoprojekt, the geomonitoring services are provided for the owner by
tora zajiStje firma Mott MacDonald, poradenskou Cinnost zajistuje firma D2 Mott MacDonald, consultancy services are provided by D2 Consult and the final
Consult a realizaéni dokumentaci tunelovjch objektl zpracovdvd firma IKP design (design of means and methods) for the tunnel structures is carried out by IKP

Consulting Engineers. Consulting Engineers.
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